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TITLE OF THE INVENTION 
Micro Controller Unit 
BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a micro controller unit (MCU) and more 

particularly to generation and control of a clock signal defining an operation thereof. 
Description of the Background Art 

In general, a conventional micro controller unit (which will be hereinafter 
referred to as an "MCU") is wholly operated based on a single clock. With a 

10 requirement for an increase in a speed of the MCU, recently, a frequency of the clock has 
been increased. However, in the case in which a block (a high-speed block) which can 
correspond to a clock having a high frequency and a block (a low-speed block) which 
cannot correspond thereto are present in the MCU to be operated based on the single 
clock, for example, the frequency of the clock to be used in the MCU is to be set within a 

15 range to which the low-speed block can correspond. For this reason, the speed of the 
whole MCU cannot be increased. More specifically, an operation speed of the 
high-speed block which can originally be operated at a high speed is determined by that 
of the low-speed block. In order to increase the speed of the MCU, moreover, there is 
also a problem in that the low-speed block is to be redesigned greatly. 

20 On the other hand, there has also been proposed an MCU in which a frequency 

of a clock for a central processing imit (CPU) (a CPU clock) and a frequency of a clock 
for a peripheral circuit (a peripheral clock) can be set optionally (for example, Japanese 
Patent Application Laid-Open No. 11-272644 (1999) (pages 1 to 7, Figs. 1 to 5) (which 
will be hereinafter referred to as "Patent Document 1"). 

25 In the conventional MCU disclosed in the Patent Document 1, the frequencies 
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of the CPU clock and the peripheral clock can be set optionally. In some cases, however, 
phases of the CPU clock and the peripheral clock are not coincident with each other. It 
is necessary to provide, in the MCU, a circuit (for example, a latch circuit) for 
synchronizing both operations when the CPU accesses the peripheral circuit or the like. 
5 Thus, there is a fear of complexity of a circuit structure of the MCU and an increase in a 
cost. 

There is also an MCU for generating a CPU clock from a peripheral clock 
which has been disclosed in Fig. 5 of the Patent Docimient 1. In such an MCU, the CPU 
clock having a different frequency from that of the peripheral clock is generated by 

10 leaving a space between pulses of the peripheral clock. In this case, a synchronization of 
operations of the CPU and the peripheral circuit is maintained. Therefore, there is not 
the problem described above. 

In the case in which the high-speed block and the low-speed block are present 
in the MCU, however, the peripheral clock caimot but be set to have a frequency within a 

1 5 range to which the low-speed block can correspond. As a result, a frequency of the CPU 
clock generated from the peripheral clock is determined by that of the peripheral clock so 
that a performance of the CPU capable of originally carrying out a high-speed operation 
cannot be fiiUy exhibited. In recent years in which the speed of the operation of the 
CPU can be increased, this problem has been great. As a countermeasure, it is 

20 preferable that a peripheral circuit capable of carrying out a high-speed operation should 
be used in an MCU mounting a high-speed CPU. In that case, a cost of the MCU is 
increased. 

Moreover, there is a problem in that power consumption of the whole MCU is 
generally increased when the clock frequency of the MCU is increased. In a device for 
25 carrying out battery driving, for example, a portable terminal device or a notebook 
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computer, particularly, a reduction in the power consumption is an important problem. 
SUMMARY OF THE INVENTION 

It is a first object of the present invention to increase a speed of a CPU 
operation irrespective of an operation speed of a peripheral circuit. 
5 It is a second object of the present invention to prevent power consumption 

from being increased with a rise in the speed of the CPU operation. 

According to the present invention, a micro controller unit has a clock 
generating circuit, a CPU (central processing unit), a peripheral device, first and second 
buses, and a BIU (bus interface unit). The clock generating circuit generates first and 

10 second clocks having phases which are equal to each other. The CPU is operated based 
on the first clock. The peripheral device is controlled by the CPU and is operated based 
on the second clock. The first and second buses are operated based on the first clock 
and the second clock, respectively. The BIU controls operation timings of the first and 
second buses. Furthermore, the clock generating circuit includes a register for holding 

15 setting of frequencies of the first and second clocks to be equal to each other or different 
from each other, and switches the frequencies of the first and second clocks depending on 
the setting held in the register with the phases of the first and second clocks maintained to 
be equal to each other. Moreover, the first and second clocks are input to the BIU. The 
BIU alternately switches idle periods of the first and second buses in predetermined 

20 timings which are synchronous with the first and second clocks, thereby carrying out the 
operation timing control. 

The clock generating circuit can generate the first and second clocks having 
equal phases and different frequencies. Accordingly, in the case in which the peripheral 
device is a low-speed block and the CPU is a high-speed block, for example, the first 

25 clock is set to have a higher speed than the second clock. Consequently, it is possible to 



increase the speed of the CPU while maintaining a normal operation of the peripheral 
device. In other words, an operation speed of the CPU can be prevented from being 
determined by that of the peripheral circuit. Therefore, an operation speed of the whole 
MCU can be enhanced. Moreover, it is possible to increase the operation speed of the 
CPU without causing all elements constituting the MCU to correspond to a clock having a 
high frequency. Thus, it is also possible to obtain an advantage that an increase in a cost 
of the whole MCU can be prevented. Also in the case in which the frequencies of the 
first and second clocks are different from each other, fiirthermore, both phases are 
maintained to be equal to each other. In the BIU, therefore, the operation timing control 
can easily be carried out. For example, it is not necessary to add a circuit for 
synchronizing operations of a code bus and a peripheral bus. 

These and other objects, features, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjvmction with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a structure of a main part of a micro 
controller imit (MCU) according to a first embodiment. 

Fig. 2 is a block diagram showing a structure of a clock generating circuit 
according to the first embodiment. 

Fig. 3 is a block diagram showing a structure of a main dividing section of the 
clock generating circuit according to the first embodiment. 

Fig. 4 is a diagram showing an example of a circuit structure of a dividing 
counter provided in the main dividing section of the clock generating circuit according to 
the first embodiment. 

Fig. 5 is a table showing an example of an operation mode of the MCU 
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according to the first embodiment. 

Fig. 6 is a diagram showing an example of a circuit structure of a third clock 
switcher provided in the main dividing section of the clock generating circuit according to 
the first embodiment, 

5 Fig, 7 is a diagram for explaining an operation of a BIU provided in the MCU 

according to the first embodiment. 

Fig. 8 is a block diagram showing a structure of a clock generating circuit 
according to a second embodiment. 

Fig. 9 is a diagram showing an example of a structure of a clock stop circuit of 
10 the clock generating circuit according to the second embodiment. 

Fig. 10 is a block diagram showing a stmcture of a clock generating circuit 
according to a third embodiment, and 

Fig. 11 is a block diagram showing a structure of a clock generating circuit 
according to a fourth embodiment. 
1 5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

<First Embodiment> 

Fig. 1 is a block diagram showing a structure of a main part of a micro 
controller unit (MCU) according to a first embodiment of the present invention. A clock 
generating circuit 10 generates a clock for defining an operation timing and an operation 
20 speed of each block in the MCU. A main clock Xjn and a subclock Xcin which are 
references for generating a clock are input from an outside of the clock generating circuit 
10 to the clock generating circuit 10. The main clock Xjn has a high speed (high 
fi-equency) to be used in a normal operation and the subclock Xcin has a comparatively 
low speed (low fi*equency) corresponding to a low power consumption fimction which is 
25 used in battery driving or the like, for example. The clock generating circuit 10 
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generates two clocks, that is, a CPU clock CLKcpu to be a first clock and a bus clock 
CLKbus to be a second clock which have equal (synchronized) phases to each other based 
on the main clock Xin or the subclock Xcin- 

In this specification, a clock to be a reference for causing the clock generating 
5 circuit 10 to generate a clock will be referred to as a "reference clock". More 
specifically, in the present embodiment, the main clock Xin or the subclock Xcin which is 
an extemal clock input firom the outside to the clock generating circuit 10 acts as the 
reference clock. 

The CPU clock CLKcpu is input to a CPU 50 for controlling an operation of the 

10 whole MCU and the CPU 50 is operated based on the CPU clock CLKcpu- On the other 
hand, a BIU (bus interface unit) 51 is controlled by the CPU 50 and executes data transfer 
for a code bus and a peripheral bus. The CPU clock CLKcpu and the bus clock CLKbus 
are input to the BIU 51 . An ROM 52 (Read Only Memory) storing an execution code (a 
program) or the like which is to be executed by the CPU 50 is connected to the code bus, 

1 5 and the BIU 5 1 accesses the ROM 52 provided on the code bus to read the execution code 
based on the CPU clock CLKcpu- Based on the bus clock CLKbus, moreover, the BIU 
51 controls peripheral function sections 53a and 53b provided on the peripheral bus. 
More specifically, the peripheral fimction sections 53a and 53b are peripheral devices to 
be operated based on the bus clock CLKbus- The control of the CPU clock CLKcpu and 

20 the bus clock CLKbus in the BIU 5 1 will be described below. 

In the present embodiment, it is assumed that the CPU 50 and the ROM 52 are 
high-speed blocks capable of corresponding to a clock having a high fi*equency (a 
high-speed clock), while the peripheral fimction sections 53a and 53b are low-speed 
blocks which cannot correspond to the high-speed clock. 

25 Fig. 2 is a block diagram showing a structure of the clock generating circuit 10 
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provided in the MCU. The main clock Xrm having a high frequency and the subclock 
XciN having a comparatively low frequency are input to the clock generating circuit 10. 
The main clock Xin is input to a PLL circuit 1 1 and the PLL circuit 1 1 outputs a clock 
XpLL (hereinafter referred to as a "PLL clock") obtained by multiplying the frequency of 
5 the main clock Xin by a predetermined coefficient. 

Both the main clock Xin and the subclock Xcin are input to a first clock 
switcher 12, and the first clock switcher 12 selects and outputs either of them. Whether 
the first clock switcher 12 outputs the main clock Xin or the subclock Xcin is switched 
depending on a set value stored in a first selection register 13. For example, the main 
10 clock Xin is selected in a normal operation and the subclock Xcin is selected in battery 
driving or the like. 

Both the PLL clock Xpll to be the output of the PLL circuit 1 1 and the output 
of the first clock switcher 12 are input to a second clock switcher 14, and the second 
clock switcher 14 selects and outputs either of them. Whether the second clock switcher 
15 14 outputs either of them is switched depending on a set value stored in a second 
selection register 15. More specifically, an output clock Mclk (hereinafter referred to as 
a "selected clock") of the second clock switcher 14 is the main clock Xin, the subclock 
Xcin or the PLL clock Xpll. 

The set values stored in the first selection register 13 and the second selection 
20 register 15 may be input and set by an operation of a user or may be automatically set by 
the control of the CPU 50 depending on an operation state of the MCU. 

The selected clock Mclk output from the second clock switcher 14 is input to a 
main dividing section 16. The main dividing section 16 generates and outputs the CPU 
clock CLKcpu and the bus clock CLKbus having equal phases to each other depending on 
25 set values stored in a dividing ratio set register 1 7 and a double speed set register 1 8. 
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The main dividing section 16, the dividing ratio set register 17 and the double 
speed set register 18 will be described below in detail. Fig. 3 is a block diagram 
showing a structure of the main dividing section 16. The main dividing section 16 is 
constituted by a dividing counter 20 and a third clock switcher 21. The dividing counter 
5 20 divides the selected clock Mclk and outputs three kinds of clocks including an 
N-divided clock obtained by dividing the selected clock Mclk by N (N is an integer), a 
2-divided clock obtained by dividing the selected clock Mclk by two and a 1 -divided 
clock obtained by dividing the selected clock Mclk by one (that is, the selected clock 
Mclk itself). A value of N is stored as a set value in the dividing ratio set register 17. 
10 The three clocks are input to the third clock switcher 21, respectively. 

The third clock switcher 21 selects and outputs any of the N-divided clock, the 
2-divided clock and the 1 -divided clock as the CPU clock CLKcpu and the bus clock 
CLKbus, respectively. Since all of the N-divided clock, the 2-divided clock and the 
1 -divided clock are obtained by dividing the selected clock Mclk (including one-dividing), 
15 the CPU clock CLKcpu and the bus clock CLKbus have equal phases to each other. 

In the third clock switcher 21, any of the N-divided clock, the 2-divided clock 
and the 1 -divided clock is selected as each of the CPU clock CLKcpu and the bus clock 
CLKbus by switching depending on the operation mode of the MCU. Setting of the 
operation mode is stored as a set value in the double speed set register 18. A 
20 relationship between the operation mode and the CPU clock CLKcpu and bus clock 
CLKbus will be described below in detail. The set value of the operation mode which is 
to be stored in the double speed set register 1 8 may be input and set by the operation of 
the user or may be automatically switched by the CPU depending on the operation state of 
the MCU. 

25 Fig. 4 is a diagram shovnng an example of a circuit structure of the dividing 
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counter 20 provided in the main dividing section 16. As shown in Fig. 4, the dividing 
counter 20 is constituted by a counter circuit 22 (a 5-bit counter) and a coincidence circuit 
23. A flip-flop element shown in Fig. 4 is a D flip-flop. The set value N (N < 2^) for 
obtaining the N-divided clock is stored in the dividing ratio set register 17 as described 
5 above. 

The 5-bit counter 22 counts a pulse of the selected clock Mclk which is input, 
and the coincidence circuit 23 compares the count value with the set value N of the 
dividing ratio set register 17. If the count value is coincident with the set value N, one 
pulse is output to an output terminal of the N-divided clock and the count value of the 

10 5-bit counter 22 is reset. More specifically, the 5-bit coxinter 22 is operated as an 
"N-scale coimter" based on N set to the dividing ratio set register 17. As a result, a 
clock obtained by dividing the selected clock Mclk by N is output from an output 
terminal of the N-divided clock. Moreover, the 2-divided clock is obtained from a least 
significant bit output of the 5-bit counter 22 as shown in Fig. 4. Furthermore, the 

15 selected clock Mclk itself is output as the 1 -divided clock from the dividing counter 20. 

Description will be given to the operation modes of the MCU according to the 
present embodiment and an operation of the third clock sv^tcher 2 1 corresponding to each 
of the operation modes. Fig. 5 is a diagram showing an example of the operation mode 
of the MCU according to the present embodiment. In this example, the operation mode 

20 of the MCU is classified into four modes including an "XnM mode", an "Xin/2 mode", an 
'"N-dividing mode" and a "double speed mode". 

Each operation mode will be described below. First of all, in the Xjn mode, 
the main clock Xin is selected as the selected clock Mclk by the first clock switcher 12 
and the second clock switcher 14. The selected clock Mclk is exactly output as the CPU 

25 clock CLKcpu and the bus clock CLKbus fi*om the main dividing section 16. More 
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specifically, both the CPU clock CLKcpu and the bus clock CLKbus to be the outputs of 
the third clock switcher 21 are the one-divided clocks input from the dividing counter 20. 
In this operation mode, in some cases in which the low power consumption function of 
the MCU is operated, for example, the subclock Xcin is selected as the selected clock 
5 McLK in place of the main clock Xin- Since the main dividing section 16 is operated in 
the same maimer, description will be omitted. 

In the Xin/2 mode, the main clock Xin is selected as the selected clock Mclk. 
Both the CPU clock CLKcpu and the bus clock CLKbus which are output from the third 
clock switcher 21 are the two-divided clocks input from the dividing counter 20. More 

10 specifically, both the CPU clock CLKcpu and the bus clock CLKbus are obtained by 
dividing the main clock Xin by two. In this case, although a processing speed is lower 
than that in the Xin mode, power consvimption can be reduced. Also in this operation 
mode, the subclock Xcin is selected as the selected clock Mclk in place of the main clock 
Xin in some cases. The main dividing section 16 is operated in the same maimer. 

15 In the N-dividing mode, the PLL clock Xpll is selected as the selected clock 

Mclk. Both the CPU clock CLKcpu and the bus clock CLKbus which are output from 
the third clock switcher 21 are N-divided clocks input from the dividing counter 20. For 
example, if the clock is to simply have a high speed, it is preferable that the value of N 
should be decreased in the N-dividing mode (for example, N = 1). In the case in which 

20 the MCU includes a low-speed block which cannot correspond to a high-speed clock, 
however, the value of N can be decreased to such a degree that the low-speed block can 
correspond. 

In the present embodiment, it is assumed that the CPU 50 and the ROM 52 
which are the high-speed blocks can correspond to the 2-divided clock of the PLL clock 
25 XpLL and the peripheral fiuiction sections 53a and 53b to be the low-speed blocks cannot 
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correspond to a speed which exceeds the 4-divided clock of the PLL clock Xrll- In this 
case, the value of N cannot be set to be smaller than 4 in the N-dividing mode. In other 
words, the operation speed of the CPU 50 is determined by the peripheral function 
sections 53a and 53b in the N-dividing mode. In the present embodiment, the set value 
5 of the dividing ratio set register 1 7 is set to be N = 4 in the N-dividing mode. In the case 
in which the low power consumption function is operated, moreover, the value of N is set 
to be greater. 

In the double speed mode, the PLL clock Xpll is selected as the selected clock 
McLK, and the third clock switcher 21 outputs the 2-divided clock input from the dividing 

10 counter 20 as the CPU clock CLKcpu and outputs the N-divided clock as the bus clock 
CLKbus. Also in this case, it is assumed that N = 4 is set. More specifically, in the 
double speed mode, the CPU clock CLKcpu is obtained by dividing the PLL clock Xpll 
by two and the bus clock CLKbus is obtained by dividing the PLL clock Xpll by four. 
Accordingly, the CPU clock CLKcpu and the bus clock CLKbus make a combination of 

15 clocks having equal phases to each other and different frequencies from each other. In 
the double speed mode, the CPU 50 and the ROM 52 are operated in response to a clock 
having a speed which is a double of the speeds of the peripheral function sections 53a and 
53b. 

In the following description, for simplicity of explanation, operation modes (the 
20 XiN mode, the Xin/2 mode and the N-dividing mode) in which the CPU clock CLKcpu 
and the bus clock CLKbus have equal frequencies will be referred to as "normal modes" 
in a wide sense. 

Fig. 6 is a circuit diagram showing an example of a structure of the third clock 
switcher 21. A set value corresponding to each operation mode stored in the double 
25 speed set register 18 is input to the third clock switcher 21. The third clock switcher 21 
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correspondingly switches each of the CPU clock CLKcpu and the bus clock CLKbus to be 
output into the 1 -divided clock, the 2-divided clock or the N-divided clock. The set 
value of the double speed set register 18 corresponding to the circuit in Fig. 6 is shown in 
Fig. 5; More specifically, in this example, 3-bit set value data bl to b3 are stored in the 
5 double speed set register 18, and the third clock switcher 21 is operated in such a manner 
that the Xin mode is set with bl = 0, b2 = 0 and b3 = 1, the Xin/2 mode is set with bl = 0, 
b2 = 1 and b3 = 0, the N-dividing mode is set with bl = 0, b2 = 0 and b3 = 0, and the 
double speed mode is set with bl = 1, b2 = 0 and b3 = 0. 

As is apparent from Fig. 5, when the set values held in the double speed set 

10 register 18 are bl = 1 and b2 = 0, the double speed mode and the normal mode are set 
respectively. More specifically, the double speed set register 18 serves to hold the set 
value bl for causing the frequencies of the CPU clock CLKcpu (first clock) and the bus 
clock CLKbus (second clock) to be equal to each other or different from each other. 

Fig. 7 is a diagram for explaining an operation of the BIU 51 shown in Fig. 1. 

15 As described above, the BIU 51 controls the code bus based on the CPU clock CLKcpu to 
access the ROM 52 and controls the peripheral bus based on the bus clock CLKbus to 
control the peripheral function sections 53a and 53b, First of all, (a) in Fig. 7 shows a 
code bus cycle and a peripheral bus cycle in the normal modes (the Xin mode, the Xin/2 
mode and the N-dividing mode). The BIU 51 altemately switches idle periods of the 

20 code bus and the peripheral bus at predetermined timings which are synchronous with the 
CPU clock CLKcpu and the bus clock CLKbus, thereby controlling operation timings of 
the code bus and the peripheral bus. In the normal mode, the CPU clock CLKcpu and 
the bus clock CLKbus have equal frequencies. Therefore, an operation for switching an 
idle time can easily be carried out. 

25 (b) in Fig. 7 shows the code bus cycle and the peripheral bus cycle in the double 
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speed mode. Also in this case, the BIU 51 switches the idle periods of the code bus and 
the peripheral bus at predetermined timings which are synchronous with the CPU clock 
CLKcpu and the bus clock CLKbus, thereby controlling the respective operation timings. 
In the double speed mode, although the CPU clock CLKcpu and the bus clock CLKbus 
5 have different frequencies from each other, it is possible to easily control the operation 
timings of the code bus and the peripheral bus because they have equal phases to each 
other. Moreover, the BIU 51 carries out such operation timing control. Consequently, 
it is not necessary to add a circuit for synchronizing the operations of the code bus and the 
peripheral bus as in the Patent Document 1 . 

10 In the BIU 51, the operation timing control based on two different frequencies 

of the CPU clock CLKcpu and the bus clock CLKbus is implemented by causing either 
the code bus or the peripheral bus to be valid (the other is set into an idle (invalid) state). 
Therefore, the operation timing can eeisily be controlled. As the double speed mode, 
there has been described the case in which the frequency of the CPU clock CLKcpu is a 

15 double of that of the bus clock CLKbus (a dual speed mode). When the phases of the 
CPU clock CLKcpu and the bus clock CLKbus are equal to each other, the operation 
timing can easily be controlled by the same method as described above even if the 
frequencies have a threefold ratio or more, for example. In other words, the application 
of the present invention is not restricted to the double speed mode. 

20 In the double speed mode according to the present embodiment, the CPU clock 

CLKcpu is obtained by dividing the PLL clock Xpll by two and has a higher speed than 
the speed of the bus clock CLKbus to be the 4-divided clock. Accordingly, a high-speed 
operation of the CPU 50 can be carried out. On the other hand, the frequency of the bus 
clock CLKbus is equal to that in the N-dividing mode. Therefore, a conventional 

25 operation can be carried out. More specifically, it is possible to increase the operation 
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speed of the CPU 50 without influencing the operations of the peripheral function 
sections 53a and 53b in the double speed mode. In other words, the operation speed of 
the CPU 50 can be prevented from being determined by the operation speeds of the 
peripheral function sections 53a and 53b. Consequently, the operation speed of the 
5 whole MCU can be enhanced. It is possible to increase the operation speed of the CPU 
50 without using, as the peripheral function sections 53a and 53b, devices capable of 
carrying out a high-speed operation. Thus, it is also possible to obtain an advantage that 
an increase in a cost of the whole MCU can be prevented. 
<Second Embodiment> 

10 According to the first embodiment, the speed of the MCU can be increased. 

However, there is a problem in that the power consumption of the whole MCU is 
generally increased with a rise in the clock frequency of the MCU. As a countermeasure, 
it can be proposed that a clock is to be stopped when the operation of the MCU is not 
required, for example, in a sleep mode. Consequently, the power consimiption can be 

15 reduced. 

Fig. 8 is a block diagram showing a structure of a clock generating circuit 10 of 
an MCU according to a second embodiment. In Fig. 8, elements having the same 
functions as those in Fig. 2 have the same reference numerals and their detailed 
description will be omitted. As shown in Fig. 8, the clock generating circuit 10 has a 

20 clock stop device 60. In the present embodiment, a CPU 50 outputs a clock stop signal 
for stopping a clock generating operation of the clock generating circuit 10, which is not 
shown. The clock stop signal is input to the clock stop device 60 of the clock generating 
circuit 10. Furthermore, a bus clock CLKbus output from a main dividing section 16 is 
also input to the clock stop device 60. 

25 The clock stop device 60 is provided on input sides of a first clock switcher 12 
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and a second clock switcher 14. Clock inputs to the first clock switcher 12 and the 
second clock switcher 14 (a main clock Xnsi, a subclock Xcin and a PLL clock Xpll) are 
stopped in accordance with a clock stop signal from the CPU 50, thereby stopping the 
clock generating operation of the clock generating circuit 10. At this time, the clock 
5 stop device 60 is operated to stop each clock at such a timing that one cycle (xmit cycle) 
of the bus clock CLKbus ends. 

As shown in Fig. 8, the clock stop device 60 is constituted by clock stop circuits 
61 to 63 for stopping each of the main clock Xnsj, the subclock Xcin and the PLL clock 
XpLL. Fig. 9 is a diagram showing an example of structures of the clock stop circuits 61 

10 to 63. In the description, it is defined that the unit cycle of the bus clock CLKbus ends at 
a rise timing of a pulse of the bus clock CLKbus- 

According to the circuit shown in Fig. 9, when the clock stop signal is "1 
(High)", an input clock is exactly output as an output clock. On the other hand, when 
the clock stop signal is changed into "0 (Low"), the output clock is then stopped at the 

15 rise timing of the bus clock CLKbus- In other words, a selected clock Mclk is stopped 
immediately after supply to the main dividing section 16 at such a timing that the xmit 
cycle of the bus clock CLKbus ends. In a retum from a state in which the clock is 
stopped, accordingly, generation of the clock is started at a head of the unit cycle of the 
bus clock CLKbus- 

20 As a result, the CPU clock CLKcpu and the bus clock CLKbus which have 

constant cycles are generated also in switching of the stop/start of the clock generation. 
Accordingly, the power consumption of the MCU can be reduced, and furthermore, the 
operation of the MCU can be prevented from being unstable in the switching of the 
stop/start of the clock generation. 

25 <Third Embodiment> 
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As described above, the PLL clock Xpll is selected as the selected clock Mclk 
in the "double speed mode". The reason is that it is effective to use any of the main 
clock Xnsj, the subclock Xcin and the PLL clock Xpll which has the highest speed in order 
to increase the speed of the MCU. 
5 However, it can be supposed that a main dividing section 16 carries out the 

operation in the double speed mode due to missetting of a user or a malfunction of a CPU 
50 caused by an influence of a noise made on an outside also in the case in which the 
selected clock Mclk is not the PLL clock Xpll. Therefore, the present embodiment 
proposes a clock generating circuit 10 to be switched into the double speed mode only 

10 when the selected clock Mclk is the PLL clock Xpll- 

Fig. 10 is a block diagram showing a structure of the clock generating circuit 10 
according to the present embodiment. Also in Fig. 10, elements having the same 
functions as those in Fig. 2 have the same reference numerals. In the present 
embodiment, moreover, it is assumed that a set value of a second selection register 15 is 

15 "1" when a second clock switcher 14 is operated to select the PLL clock Xpll and is "0" 
in other cases. A set value of a double speed set register 18 is the same as that shown in 
Fig. 5. 

The set value of the second selection register 15 and a set value bl of the 
double speed set register 18 indicating whether the double speed mode is set are input to 
20 an AND circuit 65, and a result of a logical operation is output to the main dividing 
section 16. An output of the AND circuit 65 is input as the set value bl to be input to 
the third clock switcher 21 shown in Fig. 6. Other portions are the same as those in the 
first embodiment. 

Only in the case in which the set value of the second selection register 15 is "1" 
25 and the set value bl of the double speed set register 18 is "1", accordingly, the third clock 



17 

switcher 21 is switched into the double speed mode. In other words, even if the set 
value of the double speed set register 18 indicates the setting of the double speed mode, 
the main dividing section 16 carries out an operation in a normal mode imless the set 
value of the second selection register 15 is "1". More specifically, the second selection 
5 register 15 and the AND circuit 65 function as means for setting a CPU clock CLKcpu 
and a bus clock CLKbus to have equal frequencies irrespective of the set value bl held in 
the double speed set register 1 8 (a set value for causing frequencies of the CPU clock 
CLKcpu and the bus clock CLKbus to be equal to each other or different from each other). 

According to the present embodiment, only in the case in which the second 

10 clock switcher 14 selects the PLL clock Xpll as the selected clock Mclk, the double 
speed set register 18 can cause the main dividing section 16 to carry out the operation in 
the double speed mode. More specifically, in the case in which the selected clock Mclk 
is not the PLL clock Xpll, the main dividing section 16 does not carry out the operation in 
the double speed mode and it is possible to suppress the influence of the missetting of a 

1 5 user and the malfunction caused by a noise. 
<Foxirth Embodiment> 

In the case in which an oscillation of a main clock Xjn to be a reference clock 
input from an outside to a clock generating circuit 10 (that is, an external clock) is 
stopped, a PLL circuit 11 does not input a clock to be a reference of an operation. 

20 Consequently, it can be supposed that the operation of the PLL circuit 11 becomes 
unstable. In that case, an MCU causes a malfunction in a state in which a PLL clock 
XpLL is selected as a selected clock Mclk. Therefore, it is necessary to switch the 
selected clock Mclk into a signal other than the PLL clock Xpll and to set an operation 
mode other than a double speed mode. Moreover, if a CPU clock CLKcpu and a bus 

25 clock CLKbus are stopped carelessly, a malfunction is caused so that the operation of the 
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MCU becomes unstable. 

Fig. 1 1 is a block diagram showing a structure of the clock generating circuit 10 
according to the present embodiment. Also in Fig. 11, elements having the same 
functions as those in Fig. 2 have the same reference numerals. The clock generating 
5 circuit 10 has an oscillation monitoring device 70 constituted by an oscillation stop 
detector 71, a ring oscillator 72 and a fourth clock switcher 73 (a reference clock 
switching circuit). In a state in which the main clock Xin to be the external clock is 
input as usual, the ring oscillator 72 is not operated. At this time, the fourth clock 
switcher 73 outputs the main clock Xin to a first clock switcher 12. The oscillation stop 

10 detector 71 monitors the main clock Xin and detects a stop of the main clock Xin. 

When the stop of the main clock Xin to be the external clock is detected by the 
oscillation stop detector 71, the oscillation monitoring device 70 carries out the following 
operation. The ring oscillator 72 starts an oscillation with switching into the main clock 
Xin and outputs a new reference clock (a third clock) in place of the main clock Xin. 

15 The fourth clock switcher 73 is switched to output the reference clock sent from the ring 
oscillator 72 to the first clock switcher 12. Furthermore, the oscillation stop detector 71 
controls a first clock selection register 13 and a second selection register 15 to select the 
reference clock output from the ring oscillator 72 as the selected clock Mclk (that is, to 
prevent a second clock switcher 14 from selecting the PLL clock Xpll). hi addition, the 

20 oscillation stop detector 71 controls a double speed set register 18, thereby preventing a 
main dividing section 16 from being operated in the double speed mode. 

According to the present embodiment, the clock generating circuit 10 generates 
the CPU clock CLKcpu and the bus clock CLKbus based on the reference clock output 
from the ring oscillator 72 also when the main clock Xin input from the outside is stopped. 

25 Accordingly, the malfunction of a CPU 50 and a BIU 51 can be prevented so that a stable 
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operation of the MCU can be carried out. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing from the scope 
5 of the invention. 



